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DESCRIPTION 

RADIO COMMUNICATION APPARATUS 
AND PEAK SUPPRESSING METHOD 

5 

Technical Field 

[0001] The present invention relates to a radio 
communication apparatus and peak suppressing method, and 
more particularly, to a radio communication apparatus 
10 that transmits transmission data with a plurality of 
subcarriers and a peak suppressing method. 

Background Art 

[0002] Multicarrier transmission is of technique for 
15 transmitting data with a plurality of subcarriers of which 
the transmission rate is limited to such an extent that 
frequency selective fading does not occur, thereby 
improving the transmission efficiency, and enabling 
high-rate transmission as a result. In particular, OFDM 
20 (Orthogonal Frequency Division Multiplexing) modulation 
achieves the highest spectral efficiency among 
multicarrier transmission schemes, because its data 
subcarriers are orthogonal to one another. Therefore, 
OFDM system and OFDM-CDMA system obtained by combining 
25 OFDM and CDMA (Code Division Multiple Access) have been 
studied as a future high-rate transmission technique. 
[0003] As described above, in the multicarrier 
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transmission system such as the OFDM modulation system 
and the like, parallel transmission is performed using 
a plurality of subcarriers . At this point, when phases 
of the subcarriers are coherent, remarkably high 
5 transmission peak power occurs as compared with the 
average transmission power. In the case of high 
transmission peak power, to prevent non-linear distortion 
and out-of-band unnecessary emission of a transmission 
signal due to signal amplification, such a transmission 

10 power amplifier should be used that is able to maintain 
the linearity of output over a wide dynamic range. But 
the efficiency of such a power amplifier is remarkably 
low in general, and power consumption increases in the 
communication apparatus. The theoretical transmission 

15 peak power increases in proportion to the number of 
subcarriers, but actually the probability is extremely 
low of generating a transmission data sequence that 
provides the maximum power. Therefore, an input back-off 
of a power amplifier is usually set at about lOdB. 

20 [0004] Hence, various methods have been contrived to 
reduce the Peak- to-Average Power Ratio (PAPR). For 
example, the so-called clipping (or peak limit or peak 
cut) is known as a PARR reduction method (for example, 
Patent Document 1). In the peak clipping method, the 

25 amplitude of a time waveform is limited by eliminating, 
i.e. clipping a part exceeding a predetermined threshold 
in the time waveform of a complex baseband signal prior 
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to signal amplification. 

[0005] Signal amplitude Y subsequent to peak clipping 
is given in equation (1), where x is signal amplitude 
prior to peak clipping and a is a threshold for peak 
clipping . 
[0006] 



y = 



-a (x <~a) 

x (-a <x<a) 
a (x > a ) 



( Equation 1 ) 

10 When peak clipping is performed, non-linear 

distortion occurs in a transmission signal, thereby 
degrading transmission characteristics of the 
transmission signal. Further, since unnecessary, 

out-of-band emission occurs and needs to be removed with 

15 a band limit filter, a peak may occur again in the signal 
by allowing the signal through the band limit filter. 
In addition, it is known that the effect of conventional 
peak clipping on transmiss ion characteristics varies with 
subcarriers due to the degree of contribution to 

20 generation of peak power. 

[0007] Meanwhile, in the OFDM radio communication system, 
a base station apparatus receives a report of reception 
quality for each subcarrier in a communication terminal 
apparatus, and based on the reported reception quality, 

25 is capable of assigning a plurality of suitable 
subcarriers to each user (frequency division user 
multiplexing) and setting MCS (Modulation Coding Schemes ) 
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on each subcarrier. In other words, based on the channel 
quality, the base station apparatus assigns to each user 
subcarriers with the highest spectral ef ficiency meeting 
desired communication quality (for example, minimum 
5 transmission rate and error rate) , selects high-rate MCS 
for each subcarrier to transmit data, and thus performs 
high-rate data communications with a plurality of users. 
[0008] Herein, MCS is the designation of a transmission 
parameter set including a modulation scheme, coding 

10 scheme, transmission power adjustment value, spreading 
rate and the like. In performing transmission, an MCS 
table is referred to, and MCS of each symbol is assigned. 
In multicarrier transmission, it is possible to assign 
different MCS on a subcarrier basis. Particularly, in 

15 radio communication where frequency selective fading 
occurs due to multipath, propagation path conditions 
differ from one another for each subcarrier, and it is 
thereby possible to implement high transmission 
efficiency by setting MCS on a subcarrier basis to be 

20 adapted to the propagation path condition. 

Patent Document 1: JP2002-44054 

Disclosure of Invention 
25 Problems to be Solved by the Invention 

[ 0009] However, in the conventional radio communication 
apparatus and peak suppressing method, peak clipping 
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processing is performed without considering MCS 
assignment of each subcarrier. Even when different MCS 
are assigned to subcarriers in the same symbol , non-linear 
distortion occurs in the entire multicarrier signal due 
5 to amplitude limitation. Accordingly, a problem arises 
that desired high transmission efficiency cannot be 
obtained when such non-linear distortion occurs in a 
signal assigned a subcarrier set for MCS with a high 
transmission rate. 
10 [0010] Itisanobjectofthepresent invention to provide 
a radio communication apparatus and peak suppressing 
method enabling reduction in peak- to-average power ratio 
without decreasing the transmission efficiency. 

15 Means for Solving the Problem 

[0011] A radio communication apparatus of the invention 
adopts a configuration provided with a transmission rate 
setter that sets a higher transmission rate on a subcarrier 
with a larger measurement value indicative of reception 

20 quality of a communicating party, a peak detector that 
detects a suppression target peak such that a signal level 
of a transmission signal is more than or equal to a first 
threshold, a peak suppressor that suppresses the 
suppression target peak by a predetermined amount based 

25 on a transmission signal that is assigned to a subcarrier 
with a transmission rate set in the transmission rate 
setter being less than a second threshold, and a 
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transmitter that transmits the transmission signal with 
the suppression target peak suppressed in the peak 
suppressor . 

[0012] A peak suppressing method of the invention has 
5 the steps of setting a higher transmission rate on a 
subcarrier with a larger measurement value indicative 
of reception quality of a communicating party, detecting 
a suppression target peak such that a signal level of 
a transmission signal is more than or equal to a first 
10 threshold, and suppressing the suppression target peak 
by a predetermined amount based on a transmission signal 
that is assigned to a subcarrier with a set transmission 
rate less than a second threshold. 

15 Advantageous Effect of the Invention 

[0013] According to the invention, it is possible to 
reduce the peak-to-average power ratio without decreasing 
the transmission efficiency. 

20 Brief Description of Drawings 
[0014] 

FIG.l is a block diagram illustrating a 
configuration of a radio communication apparatus 
according to Embodiment 1 of the present invention; 
25 FIG. 2 is a block diagram illustrating a 

configuration of a signal recovering section according 
to Embodiment 1 of the invention; 
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FIG. 3 is a flow diagram illustrating the operation 
of a radio communication apparatus according to 
Embodiment 1 of the invention; 

FIG. 4 is a graph showing changes in time waveform 
5 of an OFDM signal by peak cut and signal recovery according 
to Embodiment 1 of the invention; 

FIG. 5 is a graph showing changes in OFDM-signal 
vector expressed on the IQ plane by peak cut and signal 
recovery according to Embodiment 1 of the invention; 
10 FIG. 6 is a view showing an OFDM signal according 

to Embodiment 1 of the invention; 

FIG. 7 is a view showing another OFDM signal according 
to Embodiment 1 of the invention; 

FIG. 8 is a view showing still another OFDM signal 
15 according to Embodiment 1 of the invention; 

FIG. 9 is a table showing an MCS table according to 
Embodiment 1 of the invention; 

FIG. 10 is a block diagram illustrating a 
configuration of a radio communication apparatus 
20 according to Embodiment 2 of the present invention; 

FIG. 11 is a block diagram illustrating a 
configuration of a puncturing section according to 
Embodiment 2 of the invention; 

FIG. 12 is a flow diagram illustrating the operation 
25 of a radio communication apparatus according to 
Embodiment 2 of the invention; 

FIG. 13 is a graph showing changes in OFDM-signal 
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vector expressed on the IQ plane by peak cut and signal 
recovery according to Embodiment 2 of the invention; 

FIG. 14 is a view showing an OFDM signal according 
to Embodiment 2 of the invention; 
5 FIG. 15 is a view showing another OFDM signal 

according to Embodiment 2 of the invention; and 

FIG. 16 is a view showing still another OFDM signal 
according to Embodiment 2 of the invention. 

10 Best Mode for Carrying Out the Invention 

[0015] Embodiments of the present invention will 
specifically be described below with reference to 
accompanying drawings . 
[0016] (Embodiment 1) 

15 FIG.l is a block diagram illustrating a 

configuration of radio communication apparatus 100 
according to Embodiment 1 of the present invention. 
[0017] Based on control of MCS setting section 116, 
coding sections 101-1 to 101-n encode input data with 

20 predetermined coding rates for each subcarrier to output 
tomodulation sections 102-1 to 102-n for each subcarrier, 
respectively . 

[0018] Based on control of MCS setting section 116, 
modulation sections 102-1 to 102-n modulate the input 
25 data for each subcarrier input from coding sections 101-1 
to 101-n with predetermined modulation schemes to output 
to buffer section 103, respectively. 
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[0019] Buffer section 103 outputs the input data input 
from modulation sections 102-1 to 102-n to switching 
section 104, while temporarily storing the input data 
input from modulation sections 102-1 to 102-n and 
5 outputting the stored input data to signal recovering 
section 115 at predetermined timing. 

[0020] Switching section 104 switches between the input 
data input from buffer section 103 and the recovered input 
data input from signal recovering section 115 to output 
10 to Inverse Fast Fourier Transform (hereinafter, referred 
to as "IFFT") section 105. 

[0021] IFFT section 105 performs IFFT processing on 
parallel-signal input data input from switching section 
104 , and transforms the input data from a f requency-doma in 
15 signal to a time-domain signal. Then, IFFT section 105 
outputs the IFFT-processed signal to peak detecting 
section 10 6. 

[0022] Peak detecting section 106 detects the presence 
or absence of a suppression target peak with signal 
20 amplitude (signal level) more than or equal to a threshold 
(first threshold) in the input data input from IFFT section 
105, and outputs the detection result to peak cut section 
107 and switching section 109. 

[0023] When the signal amplitude more than or equal to 
25 the threshold is detected from the peak detection result 
input from peak detecting section 106, peak cut section 
107 that is a peak suppressor suppresses the amplitude 
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by a predetermined amount by performing peak clipping 
on the signal amplitude more than or equal to the threshold. 
Then, peak cut section 107 outputs the input data subjected 
to peak clipping to Band-Pass Filter (hereinafter, 
5 referred to as "BPF") section 108. 

[0024 ] BP F section 108 limits a band of the peak-clipped 
input data input from peak cut section 107, and thereby 
removes unnecessary emission components and the like to 
output to switching section 109. 

10 [0025] Using the peak detection result input from peak 
detecting section 106, switching section 109 outputs the 
input data input from BPF section 108 to Fast Fourier 
Transform (hereinafter, referred to as "FFT") section 
114 when a peak is detected, while outputting the input 

15 data input from BPF section 108 to Digital /Analog 
(hereinafter, referred to as "D/A") conversion section 
110 when a peak is not detected. 

[0026] D/A conversion section 110 performs D/A 

conversion on the input data input from switching section 
20 109 to output to amplifying section 111. 

[0027] Amplifying section 111 amplifies the input data 
input from D/A conversion section 110 to output to RF 
processing section 112. 

[0028] RF processing section 112 performs processing 
25 such as upconverting on the input data input from 
amplifying section 111 to convert from the baseband 
frequency to radio frequency and the like, and transmits 
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the radio signal from antenna 113. 

[0029] FFT section 114 performs FFT processing on the 
input data input from switching section 109, and thereby 
transforms the data from the time-domain signal to the 
5 frequency-domain signal. Then, FFT section 114 outputs 
the FFT-proces sed signal to signal recovering section 
115 . 

[0030] Based on the input data input from FFT section 
114 and MCS information input from MCS setting section 

10 116, in order to protect the input data that is assigned 
to a subcarrier (high-transmission rate subcarrier) set 
for upper MCS more than or equal to a predetermined 
threshold (second threshold) from non-linear distortion 
caused by peak clipping, signal recovering section 115 

15 that is the peak suppressor reads from buffer section 
103 a signal which is obtained prior to peak clipping 
and corresponds to the input data assigned to the 
subcarrier set for the upper MCS only on subcarriers set 
for upper MCS, and replaces the signal (suppressed 

20 transmission signal) subsequent to peak clipping with 
the read signal. Then, signal recovering section 115 
outputs the signal-replaced input data to switching 
section 104. In addition, details of signal recovering 
section 115 will be described later. 

25 [0031] MCS setting section 116 that is a transmission 
rate setter selects MCS indicative of a transmission rate, 
based on CQI (Channel Quality Information) that is a 
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measurement value (reception quality information) 
indicative of reception quality on a subcarrier basis 
of each communicating party extracted from the received 
signal. In other words, MCS setting section 116 sets MCS 
5 with a higher transmission rate as the reception quality 
is more excellent. Then, MCS setting section 116 outputs 
the MCS information that is information of the selected 
MCS of each subcarrier to signal recovering section 115. 
Further, MCS setting section 116 controls coding sections 

10 101-1 to 101-n to encode with coding rates of the selected 
MCS, while cont rol 1 ing modulation sections 102-1 to 102-n 
to modulate with modulation schemes of the selected MCS. 
[0032] Details of signal recovering section 115 will be 
describedbelowwith reference to FIG. 2. FIG. 2 is ablock 

15 diagram illustrating a configuration of signal recovering 
section 115. 

[0033] Control counter section 201 counts the input data 
and increments by one whenever the input data is input 
from F FT section 114. In other words, control counter 
20 section 201 counts the number of repetitions of peak 
clipping based on an OFDM-symbol basis. Then, control 
counter section 201 outputs the number of counts to control 
signal generating section 202. 

[0034] Control signal generating section 202 generates 
25 switching control signals to switch switching sections 
205-1 to 205-n, from the MCS information input from MCS 
setting section 116 and the number of counts input from 
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control counter section 201, and outputs generated 
switching control signals to switching sections 205-1 
to 205-n. In other words, control signal generating 
section 202 generates a switching control signal to output 
5 to some of switching sections 205-1 to 205-n for selected 
subcarriers so that switching sections 205-1 to 205-n 
are switched to output the input data stored in input 
buffer section 203 to output buffer section 206, while 
generating another switching control signal to output 

10 to the other switching sections 205-1 to 205-n for 
not-selected subcarriers so that switching sections 205-1 
to 205-n are switched to output the input data stored 
in input buffer section 204 to output buffer section 206. 
At first, control signal generating section 202 selects 

15 subcarriers except subcarriers set for the lowest MCS . 
As the number of counts input from control counter section 

201 increases, control signal generating section 202 
sequentially raises the minimum bar of transmission rate 
for the selection of subcarriers, and selects subcarriers 

20 whose MCS correspond to higher transmission rate than 
the minimum level. By this means, the number of 
subcarriers selected in control signal generating section 

202 gradually decreases as the number of counts increases 
in control counter section 201. 

25 [0035] Input buffer section 203 temporarily stores the 
input data per subcarrier before peak clipping input from 
buffer section 103, and when any one of switching sections 
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205-1 to 205-n for respective subcarriers is made to the 
output side of input buffer section 203, outputs the stored 
input data to output buffer section 206. 

[0036] Input buffer section 204 temporarily stores the 
5 input data subjected to peak clipping and FFT input from 
FFT section 114, and when any one of switching sections 
205-1 to 205-n for respective subcarriers is made to the 
output side of input buffer section 204 , outputs the stored 
input data to output buffer section 206. 

10 [0037] Switching sections 205-1 to 205-n are provided 
for each subcarrier, and based on the switching control 
signal input from control signal generating section 202, 
select one of the signal prior to peak clipping stored 
in input buffer section 203 and the signal subsequent 

15 to peak clipping stored in input buffer section 204 to 
output to output buffer section 206. 

[0038] Output buffer section 206 outputs the input data 
on a subcarrier basis input from input buffer section 
203 and input buffer section 204 to switching section 
20 10 4. 

[0039] The operation of radio communication apparatus 
100 will be described below with reference to FIG. 3. 
FIG. 3 is a flow diagram illustrating the operation of 
radio communication apparatus 100. 
25 [0040] First, MCS setting section 116 sets MCS for each 
subcarrier (step ST301) . 

[0041] Next, based on the set MCS, coding sections 101-1 
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to 101-n encode the input data, and modulation sections 
102-1 to 102-n modulate the data (step ST302). 
[0042 ] Subsequently, buffer section 103 stores the input 
data (step ST303) . 
5 [0043] Then, IFFT section 105 performs IFFT processing 
on the input data to transform from the frequency-domain 
signal to the time-domain signal (step ST304). 
[0044] Next, peak detecting section 106 determines 
whether or not a peak level is a threshold a or more (step 
10 ST305) . 

[0045] When the peak level is the threshold oc or more, 
peak cut section 107 performs peak clipping on part of 
the signal amplitude more than or equal to a predetermined 
threshold P(a>0) (step ST306). 
15 [0046] Next, BPF section 108 performs band limit 
filtering processing to remove out-of-band unnecessary 
emission generated in the peak-clipping-processed signal 

(step ST307 ) . 

[0047 ] Subsequently, FFT section 114 performs F FT 
20 processing on the input data to transform from the 
time-domain signal to the frequency-domain signal (step 
ST308 ) . 

[0048] Then, signal recovering section 115 selects 
subcarriers except subcarriers set for MCS indicative 
25 of the lowest transmission rate, replaces the input data 
to assign to the selected subcarrier with the signal prior 
to peak clipping, and thereby recovers subcarrier signals 
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set for MCS not targeted for peak clipping (step ST309) . 
[0049] Further, signal recovering section 115 selects 
subcarriers except subcarriers set for MCS indicative 
of the lowest transmission rate and another subcarrier 
5 set for MCS indicative of the second lowest transmission 
rate, thus narrows the range of MCS to select, and thereby 
expands the range of MCS targeted for peak cut (stepST310) . 
[0050] Then, the processing of steps ST304 to ST310 is 
repeated until the peak level of the threshold a or more 

10 is not detected in step ST305 . Herein, signal recovering 
section 115 decreases the range of MCS to select 
successively in step ST310 whenever finishing the 
processing of steps ST304 to ST309 once, and thereby 
expands the range of MCS targeted for peak cut. 

15 [0051] Meanwhile, in step ST305, when the peak level is 
less than the threshold a, switching section 109 switches 
the input data to be output to D/A conversion section 
110, and the input data subjected to peak clipping is 
transmitted (step ST311). 

20 [0052] Changes in signal waveform by the aforementioned 
processing are shown in FIG. 4. FIG. 4 is a graph showing 
changes in time waveform of an OFDM signal by peak cut 
and signal recovery. In FIG. 4, waveform #401 is a 
waveform prior to peak cut, waveform #402 is a waveform 

25 subjected to peak cut and then signal recovery in signal 
recovering section 115, and waveform #403 is a waveform 
subjected to peak cut and then filtering in BPF section 
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108. Average level y expresses the average amplitude 
level of the entire waveform. In the case of FIG . 4 , a 
peak level of waveform #402 subjected to peak recovery 
and then filtering in BPF section 108 is less than the 
5 threshold a, and therefore, the signal is transmitted 
without undergoing the peak clipping processing again. 
The maximum amplitude value of a signal is reduced to 
the threshold p by the peak clipping processing, but as 
inwave form #403, there is a case that the maximum amplitude 

10 value exceeds the threshold p again by undergoing the 
band limit filtering processing in BPF section 108 . When 
signal recovering section 115 further performs signal 
recovery processing on such a signal, the maximum 
amplitude value further increases, but the amplitude 

15 between thresholds a and (3 allows signal recovery. Herein, 
signal power is cut excessively if the threshold (3 is 
set too small. Accordingly, the threshold p should be 
determined for each OFDM symbol considering both the 
signal power of the threshold a and the signal power more 

20 than the threshold a. 

[0053] FIG. 5 shows a signal at the time peak power of 
the threshold a or more occurs as a complex vector on 
the IQ plane. Assuming that a complex signal vector prior 
to peak clipping is X0, XI represents a complex signal 

25 vector subsequent to peak clipping. The complex signal 
vectorXl is transformed intoX2 after being passed through 
the band limit filter, and X2 is further transformed into 
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X3 after undergoing the signal recovery processing. It 
is assumed that only the amplitude changes and the phase 
is not affected in the aforementioned processing. In 
addition, in FIG. 5, the radius is decreased in the order 
5 of threshold a, threshold p, and average level y- 

[0054] FIGs.6 to 8 illustrate the signal recovery 
processing in the frequency domain. In FIGs . 6 to 8, 
non-linear distortion levels due to peak clipping are 
expressed by shaded areas. It is assumed that in some 

10 OFDM symbol, MCS setting and the effect of non-linear 
distortion by peak clipping are as shown in FIG. 6. In 
the signal recovery processing in the first stage, as 
shown in FIG. 7, signal recovering section 115 selects 
subcarriers (S5 to S12, S17 and S18) except subcarriers 

15 (SI to S4 and S13 to S16) set for MCS 1 to replace with 
subcarriers which are not subjected to peak clipping and 
stored in buffer section 103, and thereby is capable of 
eliminating the effect of peak clipping in the subcarriers 
(S5 to S12, S17 and S18) except the subcarriers (SI to 

20 S4 and S13 to S16) set for MCS 1. When a signal exceeding 
the threshold a is detected as a result of performing 
the IFFT processing and peak detection after recovering 
the signal, peak clipping is performed again. Then, 
signal recovering section 115 performs signal recovery 

25 after peak clipping. Since this case is of the second 
signal recovery processing, as shown in FIG. 8, the section 
115 selects subcarriers (S9 and S10) except subcarriers 
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(SI to S8 and Sll to S18) set for MCS 1 and MCS 2 to replace 
with subcarriers which are not subjected to peak clipping 
and stored in buffer section 103, and thereby is capable 
of eliminating the effect of peak clipping in the 
5 subcarriers except the subcarriers set for MCS 1 and MCS 
2. By thus protecting subcarriers set for upper MCS from 
non-linear distortion caused by peak clipping, it is 
possible to perform PAPR suppression without reducing 
the transmission efficiency. 

10 [0055] FIG.9showsan example of the MCS table . In FIG. 9, 
the transmission rate is increased in the order of MCS 
1, MCS 2, MCS 3, MCS 4 and MCS 5 . In performing transmission, 
MCS setting section 116 refers to the MCS table using 
CQI and the like, and selects MCS for each symbol. It 

15 is possible to select different MCS for each subcarrier 
in multicarrier transmission. Particularly, in radio 
communication where frequency selective fading occurs 
by multipath, since propagation path conditions differ 
from one another for each subcarrier, it is possible to 

20 implement high transmission efficiency by selecting MCS 
for each subcarrier to be adapted to the propagation path 
condition . 

[0056] In addition, in the conventional peak clipping 
method, peak suppression is uniformly carried out by the 
25 degree of contribution to peak power generation 
irrespective of MCS setting of each subcarrier. For 
example, when the MCS table as shown in FIG. 9 is used 
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and the degree of contribution to peak power generation 
of a subcarrier A set for MCS is the same as that of a 
subcarrier B set for MCS 4, the two subcarriers undergo 
the same amount of non-linear distortion. However, the 
5 transmission efficiency of the subcarrier A is 0.5 bits 
per symbol, while the transmission efficiency of the 
subcarrier B is 3 bits per symbol. Accordingly, it is 
possible to enhance the transmission efficiency of the 
entire symbols by assigning a higher priority to the 

10 subcarrier B than the subcarrier A to protect from 
non-linear distortion, but this respect is not considered 
in the conventional peak clipping method. 
[0057] Thus, according to Embodiment 1, a signal prior 
to peak clipping is read from the buffer section to replace 

15 the signal subsequent to peak clipping, and it is thereby 
possible to reduce the peak- to-average power ratio 
without decreasing the transmission efficiency. Further, 
according to Embodiment 1, when a peak with the threshold 
a or more is detected after peak clipping, the number 

20 of subcarriers to replace is decreased by not selecting 
successively subcarriers set for MCS indicative of lower 
transmission rates with low transmission capability 
whenever the peak is detected. Therefore, the effect of 
the peak clipping processing can be prevented from 

25 concentrating only on MCS indicative of lower 
transmission rates with low transmission capability, and 
it is thereby possible to prevent extreme deterioration 
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of error rate characteristics of transmission data 
assigned subcarriers set for MCS indicative of lower 
transmission rates. 

[0058] In addition, Embodiment 1 describes the case of 
5 performing peak clipping only on a portion more than or 
equal to the predetermined threshold (3 in time waveform 
sample of a signal, but the invention is not limited to 
such a case. For example, it may be possible multiplexing 
a weighting function onto a portion more than or equal 

10 to the predetermined threshold (3 and adjacent sample 
points on the time axis, and reducing the maximum amplitude 
value of the time waveform sample of the signal to less 
than the predetermined threshold p. By this means, it 
is possible to effectively prevent regeneration of peak 

15 power value of a transmission signal passed through the 
band limit filter. 
[0059] (Embodiment 2) 

FIG. 10 is a block diagram illustrating a 
configuration of radio communication apparatus 1000 

20 according to Embodiment 2 of the present invention. 

[00 60] As shown in FIG. 10, radio communication apparatus 

1000 according to Embodiment 2 has puncturing section 

1001 and peak suppression signal inserting section 1002 
in radio communication apparatus 100 according to 

25 Embodiment 1 as shown in FIG.l without peak cut section 
107, BPF section 108 and signal recovering section 115. 
In addition, in FIG. 10, the same sections as in FIG.l 
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are assigned the same reference numerals to omit 
descriptions thereof. 

[0061] Based on MCS information input from MCS setting 
section 116, puncturing section 1001 performs puncturing 
5 (thinning processing) on input data (elimination target 
transmission signal) assigned to part of subcarriers 
(low-transmission rate subcarriers) set for MCS 
indicative of lower transmission rates less than a 
predetermined threshold ( thi rd thr e shold ) not to transmit, 
10 and outputs the puncturing-processed input data to peak 
suppression signal inserting section 1002 . In addition, 
details of puncturing section 1001 will be described 
later . 

[0062] Peak suppression signal inserting section 1002 
15 assigns a peak suppression signal to decrease the maximum 
peak power in an OFDM symbol to the puncturing-processed 
subcarrier. Then, peak suppression signal inserting 
section 1002 outputs the input data assigned the peak 
suppression signal to switching section 104. 
20 [0063] Details of puncturing section 1001 will be 
described below with reference to FIG. 11. FIG. 11 is a 
block diagram illustrating a configuration of puncturing 
section 10 01. 

[ 0064 ] Control counter section 1101 counts the input data 
25 and increments by one whenever the input data is input 
from FFT section 114. In other words, control counter 
section 1101 counts the number of repetitions of peak 
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clipping based on an OFDM-symbol basis. Then, control 
counter section 1101 outputs the number of counts to 
control signal generating section 1102. 

[0065] Control signal generating section 1102 generates 
5 a switching control signal to switch each of switching 
sections 1104-1 to 1104-n, from the MCS information input 
from MCS setting section 116 and the number of counts 
input from control counter section 1101, and outputs the 
generated switching control signal to each of switching 

10 sections 1104-1 to 1104-n . In other words , control s ignal 
generating section 1102 generates a switching control 
signal to output to some of switching sections 1104-1 
to 1104-n for not-selected subcarriers so that switching 
sections 1104-1 to 1104-n are switched to output the input 

15 data stored in input buffer section 1103 to output buffer 
section 1105, while generating another switching control 
signal to output to the other switching sections 1104-1 
to 1104-n for selected subcarriers so that switching 
sections 1104-1 to 1104-n are switched to output " 0 " to 

20 output buffer section 1105. At first, control signal 
generating section 1102 selects subcarriers set for MCS 
indicative of the lowest transmission rate. Asthe number 
of counts input from control counter section 1101 
increases, control signal generating section 1102 

25 sequentially raises the maximum bar of transmission rate 
for the selection of subcarriers, and selects subcarriers 
whose MCS correspond to lower transmission rate than the 
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maximum level. By this means, the number of subcarriers 
selected in control signal generating section 1102 
gradually increases as the number of counts increases 
in control counter section 1101. 
5 [0066] Input buffer section 1103 temporarily stores the 
FFT-processed input data input from FFT section 114, and 
when any one of switching sections 1104-1 to 1104-n for 
respective subcarriers is made, outputs the stored input 
data to output buffer section 1105. 

10 [0067] Switching sections 1104-1 to 1104-n are provided 
for each subcarrier, and based on the switching control 
signal input from control signal generating section 1102, 
select one of "0" and the peak-clipping-processed signal 
stored in input buffer section 1103 to output to output 

15 buffer section 1105. 

[0068] Output buffer section 1105 outputs " 0 " and the 
input data on a subcarrier basis input from input buffer 
section 1103 to peak suppression signal inserting section 
1102 . 

20 [0069] The operation of radio communication apparatus 
1000 will be described below with reference to FIG. 12. 
FIG. 12 is a flow diagram illustrating the operation of 
radio communication apparatus 1000. 

[ 0070] First, MCS setting section 116 sets MCS for each 
25 subcarrier (step ST1201). 

[0071] Next, based on the set MCS, coding sections 101-1 
to 101-n encode the input data, and modulation sections 
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102-1 to 102-n modulate the data (step ST1202). 
[0072 ] Subsequently, buffer section 103 stores the input 
data (step ST1203) . 

[0073] Then, IFFT section 105 performs IFFT processing 
5 on the input data to transform from the frequency-domain 
signal to the time-domain signal (step ST1204) . 
[0074] Next, peak detecting section 106 determines 
whether or not a peak level is the threshold a or more 
(step ST1205) . 

10 [ 0075] When the peak level is the threshold a or more, 
FFT section 114 performs FFT processing on the input data 
to transform from the time-domain signal to the 
frequency-domain signal (step ST1206). 

[0076] Next, puncturing section 1001 selects part of 
15 subcarriers set for MCS indicative of the lowest 
transmission rate, and performs puncturing on the 
selected subcarriers (step ST1207). 

[0077] Subsequently, IFFT section 105 performs IFFT 
processing on the punctur ing-proces sed input data to 
20 transform from the frequency-domain signal to the 
time-domain signal (step ST1208). 

[0078] Then, peak detecting section 106 determines again 
whether or not a peak level is the threshold oc or more 
(step ST1209) . 

25 [0079] When the peak level is the threshold a or more, 
puncturing section 1001 selects a subcarrier set for MCS 
indicative of the lowest transmission rate and another 
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subcarrier set for MCS with a second lowest transmission 
rate to expand a range of MCS (step ST1210). 
[0080] Peak suppression signal inserting section 1002 
inserts the peak suppression signal as a substitute for 
5 the puncturing-processed subcarrier (step ST1211). 

[0081] Then, the processing of steps ST1204 to ST1211 
is repeated until the peak level of the threshold oc or 
more is not detected in steps ST1205 and ST1209. Herein, 
puncturing section 1001 successively expands the range 

10 of MCS to select in step ST1210 whenever finishing the 
processing of steps ST1204 to ST1209 once. 
[0082 ] Meanwhile, when the peak level is less than the 
threshold a in steps ST1205 and ST1209, switching section 
109 is switched to output the input data to D/A conversion 

15 section 110, and the peak suppressed input data is 
transmitted (step ST1212). 

[0083] FIG. 13 illustrates amethodof generating thepeak 
suppression signal to insert as a substitute for a 
puncturing-processed subcarrier. Assuming that Y 0 is a 

20 complex signal vector that generates maximum peak power 
in an OFDM symbol and that Yi is the puncturing-processed 
signal, it is possible to reduce the peak to Y 2 by generating 
a signal with phase Y3 and inserting such a signal. This 
method does not have the advantageous effect on signals 

25 more than or equal to the threshold a in time samples 
except the complex signal vector that generates the 
maximum peak power. Therefore, as another method, it is 



2F04057-PCT 27 

possible to insert the peak suppression signal to minimize 
the total sum of signal power more than or equal to the 
threshold a in an OFDM symbol. In addition, in FIG. 13, 
the radius decreases in the order of the threshold a and 
5 average level y. 

[0084] FIGs . 14 to 16 illustrate puncturing and insertion 
of peak suppression signal in the frequency domain. It 
is assumed that a signal with amplitude more than or equal 
to the threshold a occurs when MCS setting is as shown 

10 in FIG. 14. At this time, as shown in FIG. 15, puncturing 
section 1001 performs puncturing on subcarriers (K2, K4, 
K14 and K15) with large degrees of contribution to peak 
power generation among subcarriers (Kl to K4 and K13 to 
K16) set for MCS 1 indicative of the lowest transmission 

15 rate. Then, as shown in FIG. 16, when a signal with 
amplitude more than or equal to the threshold oc still 
occurs even after puncturing, peak suppression signal 
inserting section 1002 inserts peak suppression signals 
(LI, L2 and L3) as substitutes for punctur ing-proces sed 

20 subcarriers (K2, K4 , K14 and K15). 

[0085] Thus, according to Embodiment 2, puncturing is 
performed on input data assigned to subcarriers set for 
MCS with lower transmission rate when a peak above a 
threshold occurs. It is thereby possible to reduce the 

25 peak- to-average power ratio without decreasing the 
transmission efficiency. 

[0086] In addition, Embodiment 2 describes performing 
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puncturing corresponding to the transmission rate of MCS 
of each subcarrier, but the invention is not limited 
thereto. Puncturing may be performed corresponding to 
any parameters enabling predetermined communication 
5 quality to be maintained. 
[0087] (Other Embodiments) 

In the radio communication apparatus according to 
aforementioned Embodiment 1 or 2, when retransmission 
is performed for each subcarrier, the amplitude 

10 limitation level is adjusted by the retransmission number 
in performing signal recovery, puncturing or insertion 
of peak suppression signal. In this case, it is designed 
to input information indicative of the number of 
retransmission for each subcarrier to signal recovering 

15 section 115 or puncturing section 1001. 

[0088] Further, in the radio communication apparatus 
according to aforementioned Embodiment 1 or 2, when both 
speech data and image data exists ina symbol , the amplitude 
limitation level is adjusted to protect a subcarrier 

20 assigned the speech data by performing signal recovery, 
puncturing or insertion of peak suppression signal while 
noticing the data type. In this case, it is designed to 
input information indicative of the data type for each 
subcarrier to signal recovering section 115. 

25 [0089] Furthermore, in the radio communication 

apparatus according to aforementioned Embodiment 1 or 
2, when systematic code such as turbo coding is used, 
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the amplitude limitation level is adjusted to protect 
a subcarrier assigned a large number of systematic bits 
by performing signal recovery, puncturing or insertion 
of peak suppression signal while noticing numbers of 
5 assigned systematic bits and parity bits of each 
subcarrier. In this case, it is designed to input 
information indicative of the number of systematic bits 
for each subcarrier to signal recovering section 115. 
[0090] Thus, according to this Embodiment, when the 

10 difference of the number of retransmission is noticed, 
it is possible to protect subcarriers assigned 
retransmission data. Further, according to this 

Embodiment, when the data type is noticed, it is possible 
to minimize the effect of peak clipping on the speech 

15 data, and to protect the speech data. Furthermore, 
according to this embodiment, when the difference of the 
number of systematic bits is noticed, it is possible to 
maintain the error correcting capability of systematic 
code by protecting subcarriers with a large number of 

20 systematic bits. 

[0091] In addition, in aforementioned Embodiment 1, 
Embodiment 2 and other Embodiments, the threshold a to 
detect a peak is shared and used for all the subcarriers, 
but the invention is not limited thereto. It may be possible 

25 grouping subcarriers corresponding to MCS setting, and 
detecting a peak using thresholds differing from one 
another for each group. Further, aforementioned 
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Embodiment 1, Embodiment 2 and other Embodiments describe 
the case of assigning adaptively MCS based on reception 
quality information. However, the invention is not 
limited to such a case and applicable to a case of assigning 
5 different fixed MCS to each subcarrier. Furthermore, 
aforementioned Embodiment 1, Embodiment 2 and other 
Embodiments describe the peak clipping processing in the 
OFDM system. However, the invention is not limited to 
such a case, and applicable to peak clipping processing 

10 in any communication systems using multicarrier 
transmission signal as well as the OFDM system. The radio 
communication apparatuses in aforementioned Embodiment 
1, Embodiment 2 and other Embodiments are applicable to 
a base station apparatus and communication terminal 

15 apparatus . 

[0092] The present application is based on Japanese 
Patent Application No . 2 0 0 3 - 3 3 4 0 0 7 filed on September 25, 
2003, entire content of which is expressly incorporated 
by reference herein. 

20 

Industrial Applicability 

[0093] The present invention relates to a radio 
communication apparatus and peak suppressing method, and 
more particularly, is suitable for use in a radio 
25 communication apparatus that transmits transmission data 
with a plurality of subcarriers and a peak suppressing 
method . 



